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
+LJKSHUIRUPDQFH RUJDQLF VROYHQW QDQRILOWUDWLRQ 261PHPEUDQHV DUH UHTXLUHG LQ FKHPLFDO
SKDUPDFHXWLFDO DQG SHWURFKHPLFDO LQGXVWULHV &URVVOLQNHG SRO\PHULF PHPEUDQHV DUH ZLGHO\
XVHGIRU261GXHWRWKHLUJRRGUHSURGXFLELOLW\KLJKPHFKDQLFDOVWUHQJWKUHDVRQDEOHSULFHDQG
KLJKVWDELOLW\HYHQ LQKDUVKVROYHQWVVXFKDV7+)RU'0)([LVWLQJVWDWHRI WKHDUWSRO\PHULF
PHPEUDQHVDUHHLWKHULQWHJUDOO\VNLQQHGDV\PPHWULFaQPGHQVHVNLQOD\HUIRUPHGRQ
PXFK WKLFNHUSRURXVVWUXFWXUHE\SKDVH LQYHUVLRQRUFRPSRVLWH YHU\ WKLQ OD\HUGHSRVLWHGRQ
WRS RI D SRURXV VXSSRUW 3RO\PHULF LQWHJUDOO\ VNLQQHG DV\PPHWULF PHPEUDQHV DUH PDLQO\
SURGXFHGIURPSRO\LPLGHV$IWHUWKHFURVVOLQNLQJVWHSWKHVHPHPEUDQHVEHFRPHUHVLVWDQWWRD
ZLGHUDQJHRIVROYHQWVEXWGXHWRWKHLUSRURXVVWUXFWXUHWKH\VXIIHUIURPFRPSDFWLRQXQGHUKLJK
SUHVVXUH
2UJDQLFLQRUJDQLF PHPEUDQHV KDYH ZLGHO\ EHHQ LQYHVWLJDWHG IRU JDV VHSDUDWLRQ >@
SHUYDSRUDWLRQ>@DQGUHYHUVHRVPRVLV>@+RZHYHUIHZSXEOLFDWLRQVRQK\EULGPHPEUDQHVIRU
261DUHDYDLODEOH7KH LQFRUSRUDWLRQRI LQRUJDQLFVLOLFDQHWZRUNZLWKLQ WKHSRUHVRISRO\LPLGH
DV\PPHWULF261PHPEUDQHVLVDQHZDSSURDFKWRJHWPHPEUDQHVZLWKFRQVWDQWIOX[HYHQDW
KLJK SUHVVXUH PDLQWDLQLQJ RU HYHQ LPSURYLQJ WKHLU VHOHFWLYLW\ DV DOUHDG\ UHSRUWHG IRU K\EULG
SRO\HWKHU LPLGH DQG QDQRGLVSHUVHG VLOLFD PHPEUDQHV >@ 7KH JURZWK RI VLOLFD ZLOO DOVR
LQFUHDVHWKHK\GURSKRELFQDWXUHRIWKHPHPEUDQHVVRKLJKHUSHUPHDELOLWLHVRIWROXHQHDQGQ
KHSWDQHDUHH[SHFWHG

0(7+2'6

,QWHJUDOO\ VNLQQHG DV\PPHWULF SRO\LPLGH PHPEUDQHV ZHUH WUHDWHG ZLWK 7(26 7HWUDHWK\O
RUWRVLOLFDWH 6LJPD $OGULFK 8. VROXWLRQV LQ RUGHU WR JURZ WKH VLOLFD QHWZRUN 3RO\LPLGH
0DWULPLG+XQVWPDQ$GYDQFHG0DWHULDOV86$ZDVXVHGIRUWKHSUHSDUDWLRQRIWKHDV\PPHWULF
PHPEUDQHV YLD SKDVH LQYHUVLRQ  )LUVW WKH SRO\LPLGH ZDV GLVVROYHG LQ D VROYHQWFRVROYHQW
PL[WXUH DQG VWLUUHG RYHUQLJKW $ YLVFRXV VROXWLRQ GRSH VROXWLRQ ZDV IRUPHG ,W ZDV OHIW
VWDWLRQDU\ IRUDW OHDVWK WR UHPRYHDLUEXEEOHVDQGFDVWRQDSRO\HVWHUQRQZRYHQEDFNLQJ
PDWHULDO 9LOHGRQ*HUPDQ\ XVLQJ D(OFRPHWHU  FDVWLQJ NQLIH 7KH WKLFNQHVVZDV VHW DW
 P DQG WKHPHPEUDQHVZHUH OHIW IRU  K LQ D ZDWHU EDWK EHIRUH LPPHUVLQJ WKHP LQ DQ
LVRSRUSDQROEDWK$IWHUKRIVWLUULQJWKHPHPEUDQHZDVWUDQVIHUUHGWRDIUHVKLVRSRUSDQROEDWK
WRUHPRYHDQ\UHVLGXDOZDWHU

7KH SRVWWUHDWPHQW ZLWK 7(26 SURGXFHG WKH K\GURO\VLV  DQG FRQGHQVDWLRQ  UHDFWLRQV
ZLWKLQWKHPHPEUDQHVDVIROORZV

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6L±2±6L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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
7KH PHPEUDQHV ZHUH FKDUDFWHUL]HG E\ 6(0 -2(/  ,&/ $75)7,5 3HUNLQ(OPHU
6SHFWUXP 2QH /&1 DQG FRQWDFW DQJOH PHDVXUHPHQWV (DV\'URS .UXVV *P%+
1DQRILOWUDWLRQRID IHHGVROXWLRQFRPSULVLQJSRO\VW\UHQHROLJRPHUV $JLOHQW7HFKQRORJLHV8.
GLVVROYHGLQRUJDQLFVROYHQWVVXFKDVWROXHQHDQGQKHSWDQHZDVSHUIRUPHGDW[3DDQG
&LQDFURVVIORZV\VWHP)OX[ZDVPHDVXUHGHYHU\KRXUGXULQJWKHILUVWKRXUVDQGDIWHU
DQGKVWDWLRQDU\VWDWH6DPSOHVWRGHWHUPLQHUHMHFWLRQYLD+3/&ZHUHWDNHQDIWHUK


5(68/76$1'',6&866,21

7KH SHUIRUPDQFH RI WKH K\EULG PHPEUDQHV ZHUH FRPSDUHG ZLWK WKRVH RI FRPPHUFLDO
PHPEUDQHV3XUD0HPDQG3XUD0HP6(YRQLF0HPEUDQH([WUDFWLRQ7HFKQRORJ\/WG
7KUHH GLIIHUHQW PHPEUDQHV RI HDFK NLQG ZHUH WHVWHG WR FKHFN UHSURGXFLELOLW\ 7KH UHMHFWLRQ
FXUYHV DQG WKH IOX[ YDOXHV DUH SORWWHG LQ )LJXUH  7LJKW K\EULG PHPEUDQHV ZLWK EHWWHU
SHUIRUPDQFH LQ WHUPV RI UHMHFWLRQ LQ K\GURSKRELF VROYHQWV WROXHQH DQG QKHSWDQH ZHUH
VXFFHVVIXOO\ SURGXFHG )OX[ /PK YHUVXV WLPH K FXUYHV DUH VKRZQ LQ )LJXUH  7KH
SHUPHDELOLW\ YDOXHVRI WKHK\EULGPHPEUDQHVDUHKLJKHUFRPSDUHG WR WKRVHRIFRPPHUFLDO3
PHPEUDQHV DQG ORZHU WKDQ6DQG WKDW WKH LQWURGXFWLRQ RI VLOLFD FOHDUO\ SUHYHQWV WKH
FRPSDFWLRQ HIIHFW 7KH RSWLPL]DWLRQ RI WKH SRVW WUHDWPHQW FRQGLWLRQV DV ZHOO DV WKH 7(26
FRQFHQWUDWLRQZDVHVVHQWLDO

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)LJXUH0:&2FXUYHRIDK\EULGPHPEUDQH3XUD0HPDQG3XUD0HP
6 1DQRILOWUDWLRQ RI D IHHG VROXWLRQ FRPSULVLQJ SRO\VW\UHQH ROLJRPHUV
GLVVROYHGLQWROXHQHKDVEHHQSHUIRUPHGDWî3DDQGR&
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6(0LPDJHVRIWKHFURVVVHFWLRQRIDK\EULGPHPEUDQH)LJXUHVKRZKRZVLOLFDJURZVLQWKH
SRURXVDVZHOODVLQWKHGHQVHUHJLRQ7ZRGLIIHUHQWVWUXFWXUHVDUHSURSRVHGIRUWKHPHPEUDQH
(';DQDO\VLVUHVXOWVDQG)7,5VSHFWUDQRWVKRZQDOVRFRQILUPWKHJURZWKRIVLOLFD

ĂͿ

ďͿ

)LJXUH6(0LPDJHVRIDWKHFURVVVHFWLRQVRIDK\EULGPHPEUDQHDQGE
WKH GHQVHU SDUW RI WKH FURVV VHFWLRQ RI WKH PHPEUDQH DW KLJKHU
PDJQLILFDWLRQ

&RQWDFW DQJOH PHDVXUHPHQWV ZHUH SHUIRUPHG LQ RUGHU WR FRQILUP WKH LQFUHDVH RI
K\GURSKRELFLW\ +LJKHU FRQWDFW DQJOH YDOXHV ZHUH REWDLQHG IRU WKH PHPEUDQHV WUHDWHG ZLWK
7(267KHUHIRUH WKHSUHVHQFHRIVLOLFD LQVLGH WKHPHPEUDQHVQRWRQO\PRGLILHV WKHUHMHFWLRQ
SHUIRUPDQFHEXWDOVRLQFUHDVHVWKHK\GURSKRELFLW\DQGG\QDPLFIORZEHKDYLRXU

$&.12:/('*(0(17

3*DFNQRZOHGJHVVXSSRUWIURPD0DULH&XULH3RVWGRFWRUDO5HVHDUFK)HOORZVKLS

%,%/,2*5$3+<

 0DKDMDQ5DQG:-.RURV)DFWRUVFRQWUROOLQJVXFFHVVIXO IRUPDWLRQRIPL[HGPDWUL[
JDVVHSDUDWLRQPDWHULDOV,QGXVWULDO	(QJLQHHULQJ&KHPLVWU\5HVHDUFKS

 .DULGXUDJDQDYDU0<HWDO2UJDQLF,QRUJDQLF+\EULG0HPEUDQHV6ROYLQJWKH7UDGH
RII3KHQRPHQRQ%HWZHHQ3HUPHDWLRQ)OX[DQG6HOHFWLYLW\LQ3HUYDSRUDWLRQ,QGXVWULDO	
(QJLQHHULQJ&KHPLVWU\5HVHDUFKS
 'RQJ+HWDO3UHSDUDWLRQDQGFKDUDFWHUL]DWLRQRIVXUIDFHPRGLILHG]HROLWHSRO\DPLGH
WKLQ ILOP QDQRFRPSRVLWH PHPEUDQHV IRU GHVDOLQDWLRQ 'HVDOLQDWLRQ DQG :DWHU
7UHDWPHQWS
 1XQHV63HWDO0HPEUDQHVRISRO\HWKHU LPLGHDQGQDQRGLVSHUVHGVLOLFD-RXUQDO
RI0HPEUDQH6FLHQFHS
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.H\ZRUGV+\EULGPHPEUDQH2UJDQLF6ROYHQW1DQRILOWUDWLRQ3RO\LPLGH6LOLFD
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